pstlents with prostatic carcioma and known distant metastases. Each patient 
received a single intravenous infusion of CYT-356 (dose range, 0.1-5 mg) 
radiolabeled with approximately 5 mCi of sup 1sup 1sup 1 1n. None of the 
patients experienced adverse reactions. One patient who received a 5-mg 
dose developed antibodies to the CYT-356 immunoconjugate. sup 1sup 1sup 
1ln-CYT-356 immunoscintigraphy detected bony metastases in 21 of 38 
patients (55%), including 12 of 14 (86%) receiving concomitant hormonal 
therapy, and soft tissue lesions in four of six patients (67%). Antibody 
imaging detected occult lesions in the bony pelvis and lumbar spine, which 
were confirmed by follow-up imaging tests, in one patient. Higher CYT-356 
doses may clear the blood pool more slowly. These results suggest that sup 
1sup 1sup 1ln-CYT-356 can be safely administered to patients with prostatic 
carcinoma and that further clinical investigation of this agent is 
warranted. 
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The biotin-avidin immunoperoxidase assay was used to evaluate the 
expression of several prostate carcinoma-associated markers in 
formalin-fixed paraffin-embedded tissue sections of three human 
prostate nude mouse heterotransplant lines PC-82, PC-EW, and PC-EG. 
In addition to monoclonal antibodies to PSA and PAP, monoclonal antibodies 
to five other potentially useful markers for prostate carcinomas 
(TURP-27, Leu-7, 7E11-C5, PSP-19, and PD41) were tested/Tissues from 
two or more transplant passages were evaluated. The human prostate 
target antigens were found to be expressed by one or more of the three 
heterotransplant lines. The PC-82 and PC-EW lines were the most efficient 
in terms of expression of multiple prostate carcinoma-associated 
markers and percentage of tumor cells positive for a given prostate 
antigen. The staining pattern of each marker, in terms of staining 
intensity, number of tumor cells stained, and staining location, i.e., 
membrane, cytoplasmic, or ductal secretions, was similar to what has been 
observed in tissue sections from human prostate carcinomas. The lack 
of an appropriate model for evaluating the preclinical potential of these 
Mabs (especially TURP-27, PSP-19, and PD41) makes the findings of/fhis 
study of considerable importance, and suggests that these human / 
prostate xenografts may be useful models for exploring the diagnostic n 
and therapeutic potential of these anti-prostate carcinoma monoclongl | ) V /\ 
antibodies. 
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Stable Clones of murine, hybridoma3 7E11-CS 
and vera obtained following immunization 

vlth LtfCaP cells- 1H« LNCaP cells were isolated 
from a human prostatic cancer (Ca)). Both hybrid- 
omaS secreted mono clonal antibodies (MoAb) o£ 
Che IgOl subclaaa which wore r©act±T7© with 
the- insoluble, cytoplasmic, membrane rich 
fractions of the immanogen. Neither Hoab reacted 
vith the soluble cytosol of LNCaP cells nor 
with purified human proa ca tic acid phosphatase 
(PAP) nor prostata specific antigen (PSA) . MoAb 
9H10-M r activity was vary narrow and limited 
co the surfaces of LNCaP cello only. * 
MOAD 7£llrC3 specificity was restricted to 
human prostatic epithelium, both normal and 
malignant- E2cc*pt LNCaF, none of the 32 lines 
of human normal or neoplastic cells reread with 
MoAb 7E11-C5. In a survey of frozen sections 
from 175 human op ccimans, positive indirect 
immunoperoxidase staining was limited to 
epithelium in all 11 specimens of localized and 
metastatic CaP, 7 benign prostatic hypertrophy 
(BPn) cases and 7 noraal prostates. None of che 
26 various nooprostatic tumors nor 120 out of 
122 specimens from "2B different normal organs 
were reactive* Posicive staining occurred in 2 
ouc of U normal kidneys. Competitive binding 
vich MoAb 7E11-C5 or its F(ab') 2 fragments 
demonstrated the presence of circulating epitope 
7E11-C5 In 20 out of ^3 sera from CaP patients. 
Only 3 out of 66 sera from nonpros eatic malig- 
nancies reacted, None of 30 normal blood donors 
sera nor 7 BPH sera were positive. Thus, highly 
Significant (p<=0.0001) associacion between diag- 
nosed prostatic cancer and circulating molecules 
expressing the epitope reactive with MoAb 
7E11-CS fas established. Significant probability 
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Cp<0.05) also suggested that patients wich positive 
LXISA test are more likely to be in progression, 
than those who arc negative, Th©ae results 
suggest that this apparently new antigenic 
marker may he of clinical potential in Cap. 

i- 

INTRODUCTION 

In 1978 , we established in vitro the 
LNCaP call line (1,2) from a metastatic lesion 
of human prostatic carcinoma ♦ the LNCaP cells 
grow readily in vitro (up to 8 x 10^ cells/sq 
cm; doubling time, 60 ftr) , form clones in semi- • 
solid mafiia, and show an aneuploid (modal number, 
76 to 91) human mole karyotype with several 
marfcer chromosomes. Tfr* malignant properties of 
LNCaP cells are maintained- ' Athymic nude mice 
develop tumors at che injection site (volume 
doubling time - 86 hr) . Functional dif farenti*- 
tion is preserved: both cultures and tumor3 
produce prostatic acid phosphatase (PAP) and 
prostata specific antigen (PSA), High-affinity 
specific androgen receptor is present in the 
cytoool and nuclear fractions of c*ll* in eulture 
and in tumors. The modal is hormonally respon- 
sive? in "vitro. 5a-dihydrotftStosterone modulates 
cell growth and stimulates acid phoophatnee pro- 
duction *. In nude mice, the frequency o£ tumor 
development and the mean time of tumor appearance 
are significantly different for either gender. 

LNCaP cells therefore meet criteria of a 
veraacile model for immunological studies of 
human .prostatic cancar in the laboratory- Otner 
prostatic cell lines (3,4) fail to maintain some 
of the- markers characteristic of prostatic 
epithelium and malignant prostatic calls: ft-S-> 
production of secretory human prostatic acid 
phosphatase (3,5), organ specific prostate anti- 
gen (6), responsiveness to androgens (5,7) or ths 
presence g£ the Y chromosome (7,8). Such cell* 
may not be optimally repr<*fi*nt*tive in their 
antigenic make-up of the majority of prostatic 
tumors as seen by the clinician and pathologist. 

Our a'*™ was to obtain and characterize a 
stable murine hybridoma cell line secreting mono- 
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clonal antibodies, reactive with ail epitope 
present on membrane associated, non-secretory 
putative antigen of human prostatic cancer. The 
INCaP cells and partially purified LNCaP plasma 
membranes were used as immunogen. 

MATERIA! S AND METHODS 

Hybridomas. 7E11 and 9H10 uncloned hybrid- 
oma cultures «crc produced by S, Leone a«ong, 
Kawinski and Horoszevic* - manuscript in prepara- 
tion) by ruaion of murine myeloma (P3 * 63Ar 
S.6S3) with spleen cells of LNCaP immunized mice 
according to ctandard procedure (9). Both 
hybridomas were cloned twice by the limiting 
dilutions method (10). Afeer cloning, scaole 
hybridomas producing MoAb vak? expanded and 
cryop reserved. 

„ *«- ci *»« Fluid Production, Hybridoma cells 
C4xlOv; ror ascites fluid production were inject 
ed into the peritoneal cavity of female nude 
mice. Ascites fluid containing 3 to 8 mg/ml of 
MoAb woa harvested 4-5 weeks after hybridoma call 
injection. 

MoAb Purifi cation -and Preparation of An ti- 
body Fragments. Whole MoAb molecule were puri- 
fied from murine ascites fluid on Af fi^gel 
protein-A agarose (Bio-IUd) following manufac- 
turer s recommendations. To prepare antibody 
fragments molecular sieving on S«ph«cryl 200 
(Pharmacia) of affinity purified immunoglobulins 
was performed. Appropriate fractions were con- 
centrated, digested trith pepsin, rcchromato- 
graphed on Affi-gsl protein A-agarofle (to remove 
the Fc fragments and undigested whole MoAb mole- 
cules) , separated on Sephacryl 200 and concen- 
trated by pressure* dialysis. The immunological 
activity of ascites fluid v S - purified FCab'), 
fragments wao compared in ELISA. Activity o£ 
F(ab ). vas preserved.. The overall purity and 
molecular seizes of whole antibodies and r(ab') 2 
was confirmed by polyacrylamid* ge i electro- 
phoresis (PAGE) using 10* *els. 

Cell Linec. Thirty-three cell lines of 
human origin w*re used (Tabic 1). Six call lines 
were isolated and established in our laboratory* 
LNCaP (1), TT (11), PAC (12),BG-9, MLD (13) and 
SMj 2 cell lines were from American Type Culture 
Collection: MDa-MB-23 and FL; 9 cell lines were 
obtained from J. Fogh of Memorial Sloan-Ret tering 
Institute: DU-1^3, FM. MCF-7, MaWo, RT-4 f 
HT-29 A-209, SAOS-2 and 5959; the remaining 16 
cell^Linoa were provided by Baker, K. Chadha, 
W. Dembinski and M, Ito of RPMI and include r 
5637, SK, C0LO-2O5, HeLa-531, HoL a -CCL2, SU-872, 
HT-1080, GM-2S04, HBC, ^-549., CHAGO, SKMES, FC-1, 
PC-9, PC-14 and T-24, Murine myeloma line F3 x 
63Ag 8-653 was from L. Pdpaidcro of RPMX. All of 
the cell lines were routinoly maintained in RPMi 
aeda.ua 1640 supplemented with 102 heat inacti- 
vated fetal bovine serum, 1 mM L-glutamine, and 
50 ug/ml of penicillin and streptomycin (GlbCo) 



Human specimens, F re£h normal and tumor 
tificues were obtained either from the Department 
of Surgery or the Department of Pathology at 
RPMI, The tissues were quick froscn in M-l 
embedding matrix (Lipshaw) and stored at -Qo© 
Human sera were from Blood Bank, from the De P l rc . 
menc of Laboratory Medicine and from the Depart- 
ment of Urology at RPMI. 

Indirect Ittmunope roxidase Staining , Cyto- 
spin omea« o£ cultured cells, frozen sections 
(4 urn thick) and sections of formalin fixed 
paraffin emb*dd«?d human tisoucs were used for 
lmmuTloperoxidase staining as described previous- 
ly (1^,15). The mtenaity of th* imnumospecif ic 
staining was evaluated using Zeiss microscopo 
(40 x objective; 10 x ocular). 

Isolation of Plngm* Membrane-Enriched 
Fractions, ?lasma msmbraxxe^enricKeii fraction^ 
were obtained from LNCaP cells and normal human 
diploid fibroblast (strain MU>) by modification 
of published methods (16) . 

Xha enzyme-linked immunosorbent assay 
lH£SA)ha= been used for Keneral er^yrae iWuno- 
assay of antigen (17) and screening for MoAb 
production (16) using viable and fixed cells, as 
wdi as punned plasma membranes, 

RESULTS 



Cloning Of Hybridoma. Hybridomas 7Ell and 
9R10 were cloned rwice by the limiting dilution 
method (10). Two stable monoclonal (p<0.005) 
hybridoma cell lines were obtained and designated 
as 7E11-C5 and 9RJ0-Aa r«fip actively. 

Immunospeciflc Staining. The indirect 
i-mmunoperoxidooc staining of formalin fixed 
LNCaP cell* by fiupemaconto from either or the 
two cloned hybridoma cultural was positive in 
dilutions ranging from 1:200 to l:S0O while 
ascitic fluids harvested from mica stained LNCaP 
smears At dilutions from 1:50,000 to 1:400,000 
me localization of immunoper oxidase staining of 
LNCaP cells .differed for MoAb 7E11-C5 and MoAb 
OH10-Ai. MoAb 7EH-C5 scalnina was apparent 
over the cytoplasmic region with intensity 
Slightly increasing toward the cell periphery, 
MoAb 9H10-A4 produced continuous, narrow band of 
strong staining limited only to- plasma membrane. 
The staining pattern of LNCaP cells from culture, 
as well as c*lls taken directly from nude mouse 
tumors was constant for each MoAb. 

Viable LNCaP cells when stainad by the in- 
immunofluore3CEI i c e method showed bright, 
peripheral rings after exposure to MoAb 9H10-A& 
No Staining of viable cells, however, was seen 
vith MoAb 7E11-C5. 

Reactivity of Soluble vs . Sedimentable Cal l 
components. Immuno bloc ting and EL ISA using as — 
antigen the insoluble, membrane rich fraction 
frotn LWCaP cells were strongly positive with both 
MuAb 7E11-CS and 9H10-A4. On the other hand, 
neither MoAb reacted in these tescs with SOlubl- 
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C £^j_ u 'lar LKCaP component© aueh as whole cytoool 
or purified PAP or PSA whan examined according to 
described methods (19,20). 

Other Cell Lines , In addition to LNCaP 
cultures. 32 'human normal and malignant cell 
lines ware evaluated as to their reaccivity with 
both ccudicd MoAbe. Noo<* ©f these cell lines 
reacted in either EL ISA or indirect lnnnunoperoxl- 
dase. s.talning regardless of fixation (Tabic- 1) . 

Isotyping . MoAb 7E11-CS and 9H10-A4 are o£ 
the IgG-1' subclassi as determined by doubla 
diffusion gal precipitation with isotype specific 
Afttisera (Miles). Consistent with this finding 
were observations that Protein A conjugated with 
either fluorescein or horseradish peroxidase 
(Bio-Rad) failed to rs&cc with smears of LNCaP 
cells following incubation with either MoAb. 

Biological Activity . No biological activity 
of MoAbs 7B11-C5 and 9H10-A4 was detected in vitro 
nor in vivo; the MoAbs either Alone (aa.liS 
dilutions of ' hybridoraa supernatant fi, or 1;1QQ 
dilutions of ascites) or in the presence of rabbit 
complement (li2Q) had no measurable growth in- 
hibitory or cytotoxic effects on LNCaP cultures; 
n^ithar the growth of LNCaP tumors in nude mice 
(3 groups j 6 animals each) was affected by weekly 
injections of 1 mg of ascitco derived MoAbs 
7E11-C5 or 9H10-A4 over a. period of 10 uaaks, 
vh«n compared with PBS injected controls. 

Distribution m Human Tissues of Antigens 
Reactive with MoAbs 7E11-C5 and 9H10-Afr . A 
survey of human normal &nd neoplastic tissues 
obtained from biopsy, surgery and autopsy was 
performed to assess the localization -of antigens 
reactive With both MoAbs* Fresh frozen sections 
fixed in 2% ncucrol formaldehyde wax* stained by 
cho indirect immunoperoxidASft method and 
evaluated* Results from observations made on 
175 specimens are shown in Table 2. 

MoAb 7E11-C5 stained both malignant and 
apparently normal prostatic epicheli^ cells with 
remarkable selectivity. No reactivity was seen 
in stromal components such as fibers j vessels, 
muscles, etc. Positive cells stained stronger 
toward the cell periphery* Xh& e taining showed 
a small dagrAA of heterogeneity araOTXS individual 
cells- A difference was noted in the intensity 
of staining 'between normal and neoplastic 
epithelium. The 9taining of CaP cells was strong 
in 9 out o£ 11 specimens and of moderate inten- 
sity in the remaining 2. Apparently normal and 
hypertrophic prostatic glando showed faint (in 
12 out of 16 specimens) to moderate (2 out o£ 16) 
staining. Two specimens from benign prostatic 
hypertrophy (BPH), which were classified as 
negative, contained only vary few rudimentary 
structures reminiscent o£ prostatic ducts- Over- 
all, 25 out of 27 specimens from prostates and 
CaP reacted with MoAb 7E11-G3. 

Despite strong staining df cytoplasmic 
membranes of LNCaP cells, MoAb 9K10-A4 failed to 
react in frozen sections with either normal pro- 



TABLE 1 

REACTIVITY OF MoAb 7EU-CS ANO MoAb 9H10-AA WITH CULTURED 
HUMAN CELLS BY EL1SA AND IMMUNOPEROXIOASE STRAINING 



Reactivity with 
MoAb MaAb 
Human Cells 1n Culture 7E11-C5 9H10-AA 



LNCaP - Prostatic Ca +++ ++++ 

0Ulfl5 - Prostatic ca - 

PC-3 - Prostatic Ca - 

RT-4 - 91 adder Ca - 

5637 - Bladder Ca 

MCF-7 - Bladder Ca - 
MOA-HB-231 - Breast Ca - 

KT-29 - Colon Ca - 

*$k - colon Ca - 

C0L020S - Colon Ca - - 

PAC - Pancreatic Ca - 

TT - Medullary Thyroid Ca - 

riewo - Melanoma 

SM - Melanoma 

H»La-S3l - Uterine Ca - - 

HeLa-CCLZ - Uterine Ca 

A209 - RnaDdomyosarcoma 

SHS72 - Lipos&rcpma 

HT1080 - Fibrosarcoma 

5959 - Osteogenic Sarcoma 

SAOS-2 - Osteogenic Sarcoma 

HSC - Oronchogcnic Ca - 

A549 - Lung Adeno Ca - 

CHAGO - Large Cell Lung Ca 

5KME5 - Squamous Cell Lung Ca - 

PC-1 - Lung Ca - 

PC-9 - Lung Ca - 

PC-U - Lung Ca - 

T-21 - Lung Ca - 

MLO - Normal Fibroblasts 

BG-9 - Normal Fibroblasts 
GK2504 . - Normal Fibroblasts 

?L - Human Amnion 



static epithelium or with neoplastic cfells. 

Neither MoAb 7E11-C3 nor MoAb 9H1Q-A4 stain- 
ed fresh frozen sections from any of the 26 
specimens representing 11 different histological 
types of human non-pros catic tumors. 

Among 122 individual specimens from 26 
different: normal human organs and tissues, 120 
did not chow any staining with MoAb 7E11-C5* In 
2 instances (out of 14) of normal kidneys, poorly 
defined, low intensicy. diffuse and uneven brown- 
ish deposits were defected on the inner surfaces 
and in the lumen of some of the Henle's loops* 
Pre— incubation of fixed sections with. 17. albumin 
or gelatin solutions reduced' such "staining". 
Similar reactions In the human kidney by the 
lflnwnopcr oxidase Staining with various murine 
monoclonal antibodies were noted by other authors 
(21,22), bat eh« significance, if any, or the 
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specificity of such "staining" is ac present un- 
clear. Again. MoAb 9H10-A4 did not react with 
any of the 122 specimens rrom normal organ*. 

Development of Competitive Binding EL ISA . 
After incubation of MoAb 7EU-C5 at appropriate 
concentrations (20-100 tig /ml) with whole LNCaP 
cells, hypotonic cell ly Sates, LNCaP cell 
sonicates or partially purified plasma membranes, 
the original activity of MoAb 7E11-CS aa 
measured by HXISA was significantly and 
reproducibly reduced. The inhibition a 
function of antigen concentration and the length 
of incubacion time (results not shown). These 
observation* suggested chat MoAb 7E11-C5 re- 
active antigen could also be detected, if present, 
in human 5C ra using an appropriately designed *ssay. 

Initial experiments were focused on the 
assay specificity and methodology. For these 
studies, 3 sera from ua^ patients inhibiting 
MoAb 7E11-C5 in competitive binding ELISA war.? 
ueed. CenCtifugdtion '(2 hro; 100,000 X g) Tailed Co 
sediment their inhibitory activity which suggested 
that the "lnhioitor" in serum was not associated 
with circulating whole GaP .cells, membrane 

r!w C ^\°^ CBl1 ********** bu = represented the 
MoAb 7E11-C5 reactive epitope in a soluble form. 

This observation was unexpected since high speed 
ccntrifugation of either disrupted LNCaP calls, 
or spent LNCaP. cell culture media yields anci^ 
MoAb 7E11-C5 directed reactivity only In sedi- 
mentable fractions, indicating that the MoAb 
7E11 opecific epitope was associated with in- 
soluble supraxaolecular aggregates* The level of 
competitive binding EL ISA inhibitory activity 
azalnst MoAb 7E11-C5 in human ©era remained 
constant after 10 cycles of repeated freeaing 
and thawing, Heating to 36° for 30 min. „ 6 months 
storage at -80°. as well as after overnight in- 
cubation at 37° regardless of addition of pro- 
tease inhibitors. 

ELISA inhibitory activity Was not due to the 
presence in tea ted sera o£ a human antibody with 
specif iciLy similar to MoAb' 7 Ell- CS, which could 
competitively block availabla antigenic sites on 
the LNCaP detector cells, nor were enzymatic 
activities of scrum affecting the antigenic sites 
of LNCaP cells. This was shown by preincubation 
(up to 72 hrs.) of wells containing LNCaP cells 
with either ''inhibitory" serum, non-inhibitory 
scrura or PBS* The oerum was then removed and 
MoAb 7E11-C5 activity was tested by otandard 
ELISA -procedure. No reduction in reaction in- 
tensity was observed between control wells and 
wells pirc-incubated with inhibitory sera. 

In addition, cither the presence in sera of 
antl-murine IgG capable df binding MoAb 7E11-C5 
3r che existence of an unusual proteolytic activ- 
ity directed against monoclonal antibodies in 
3<*n*?ral p w*a excluded by preincubation of In- 
hibitory s«ra with taurine MoAb 9K10-A4 and show- 
ing that immunologic reactivity with LNCaP cells 
and membranes was unaffected. 



TA8LE 2 

ANTIGEN lH P 002 EN SECTIONS f RQm US 
SPEClflCNS DETECTED 8V fNOIRfCT I *MUN0 PEROXIDASE 
STAINING WITH fioAtJS 7EI1-C5 ANO 9HlO-Ad 



Posi five/Total TpspdH 



Human PrpKfltlc gpTtn*Hum_ 
CaP foci in proacace 
CaP metastases in lymph nodes 
flenfgn Drostatic hypertrophy 
NonroJ pniscaces 



MoAb 7E11- 
Reacts vo 



•CS 



9/9 
2/2 
S/7 
9/9 



MQAb 9MT0-A4 

fteact-i ve 



firaasr Cfl 


o/g 


Renal CcM Ca 


0/3 


9Udder Ca 


0/2 


Adrenal Ta 


0/2 


Colon Ca 


0/2 


SarcoflW 


0/2 


Squamous Cell Ca 


0/3 


Melanoma 


0/1 


NcurgoTdSIOJUa 


U/ 1 


Uteri no Ca 


fl/ T 


Pancreatic Ci 


U/ 1 


Normal Human Oraans 


UHnary Bladder 


0/5 


Uret/ier 




SeifHfial Vesicles 


0/3 


Testt5 


ft/ A 


Kfdney 


2/14 


Ovary 


0/3 


Uterus 


0/3 




0/3 


Bronchus 


0/C 


Lung 


0/5 


Liver 


0/7 


Spleen 


0/8 


Pancreas 


0/5 


Toogup 


0/2 




0/1 


Stomach 


0/3 


S/nall Imescinc 


0/3 


Colon 


0/8 


tnyrofd - 


0/5 




0/1 


Adrenal 5 


o/c 


lymph Jjodc 


0/5 


Skeletal Musclo 


o/s 


near; 


0/5 


Aorta 


0/3 


vena Cava 


0/3 


3ra1n 


0/1 




0/4 



0/9 
0/2 
0/7 
0/9 

0/S 
0/3 
0/2 
0/2 

0/2 
0/3 
0/1 
0/1 
0/1 
0/1 

0/S 

o/s 

0/3 
0/a 
0/H 

a/3 

0/3 
0/3 
0/4 
0/5 
0/7 
0/8 
0/5 
0/2 
o/i • 

0/3 
0/3 
0/8 
0/5 
0/1 
0/4 

0/5 
0/5 
0/S 
0/3 
0/3 
0/1 

0/4 



Next, tha possibility was investigated that 
inhibitors In positive CaP *a,ra Wftrc unopecific 

and interacted only with the Fc portion of MoAb 
7E11. Io this end, the inhibition of immuno- 
reactivity of 7E11 F(ab') 2 antibody fragments by 
CaP sera wag tested. The P( a b') 2 antibody frag- 
ments were as susceptible to uihibition by posi- 
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TABLE 3 



SUMMARV TABLE OF MoAb 7E11-C5 COMPETITIVE BINDING EL ISA IN HUMAN SERA 



Serum Source 


Number Tested 


SR Positive 








7E11 




Prostatic Cancer (CaP) 


A3 


20 


Us.st) 


Benign Prostatic hypertrophy (BPH) 


7 


O 




Non-Prostatic Malignancies 


66 


3 


(4.6X) 


Normal Blood Donors 


30 


0 




TQtal 


146 


23 





two tail fisher Exact Probability Test indicates that there is a signifi- 
cantly nigher Sft/ni positive rate (p<0.0OOl) in a population of 43 CaP 
patients as opposed to a group of 103 non-CaP controls {normal, BPH ana otner 
malignancies). The assays were Dlinded. 



cive human sera from CaP as uere the complete 
MOAD 7E11-G5. 

Taken together, the above experiments in- 
dicate that observed ELISA inhibition results 
from specific immunological resection between 
MoAd 7E11 and corresponding antigen present in 
serum from some CaP patients. 

The assay methodology for testing human sera 
from normal blood donors, non-prostatic malig- 
nancies and patients with prostatic cancer for 
specific binding of MoAb 7E11-C5 in limiting 
concentrations was established as follows: 

Aliquote (125 ul) o£ s*rum war a incubated 
(3 hrs-, room temp-) vith: 

a) 125 Ul of diluent (PBS with 0.3% bovine 
serum albumin, pR 7,2, sodium a2lda 
0.052) 

b) 125 ul of MoAb 7E11 (60 ng/tal in diluent) 

c) 1Z5 ul of Mo Ad 9E10 (6 ng/ml la diluent) 
As references of total MoAb activity in the 

absence of serum, MoAb 7E11-CS (30 ng/ml) and 
MoAb 9R10-A4 (3 ng/ml) in diluent only were used. 
In addition, each microtiter plate contained a 
set (12 wells) of external controls consisting 
of normal female serum preincubated separately 
with each MoAb and diluent. 

The reaction mixtures were then incubated 
In a single 96 veil microtiter plate (Falcon) 
overnight (18 hrs, 4°C; quadruplicate veils, 50 
ul/wall) with air dried LUC*P ealls (ixlO* calls/ 
well, 2. 02 formaldehyde fixed for 30 min) to 
determine reactivity by ELISA. The results of 
the ELISA teat (O.D, read at 490 run) are express- 
ed as the Specific Reactivity with MoAb 7E11-C5 
factor (5R 7Ell factor). The SR 7m ractor is 
calculated according to formula! 

' _ p.p. (7Ell+diluent) y P.P. (9HlC M-gftruia) 
" O.D, (7ElH-serum) 0-D. (9HlCH-diluent) 



The inclusion or MoAb 9H10 In the test 
allows ca compensate for potential differences 
in kinetics of binding of MoAb to targat LNCaP 
calls in high (50%) s&rum concentration, as well 
as for unexpected presence in individual sera of 
interfering macraraolecules (anti-murine IgG T 
enzymes, etc.). The MoAb 9H1Q-A4 strongly binds 
to LNCaJP plasma membranes, but is unrelated -in 
specificity to MoAb 7E11-C5 and does not react 
witn otner human cell lines, or frozen sections 
of normal human organs or malignant tumor 
Neither normal nor CaP sera inhibit specifically 
MoAb 9K10-A4. 

Survey of Human Sera, by _ Competitive Binding 
FLISA. To establish the average numerical valut 
of factor for normal, healthy individuals, 

30 sera from RPMI Blood Bank donors «ere tested. 
The mean SRy^ of this group was 1,13 + 0.23 
(x + S.D.). No significant differences betveen • 
the moan values of the SR 7E1 2. factor for groups 
of ulrIas and famal«e w«r« found. For the thresh- 
hold defining positive results (at tne d<0.01 
level), x + 3 S.D,.was calculated to be 1.82. 
The value above 1.82 *£or £8.75^2. vac uSe ^ * or cne 
classification of Specific Reactivity as positive. 

Subsequently, additional 116 sera were test- 
ed: *3 from caf patients, 7 from individuals 
with benign prostatic hypertrophy and 66 sera 
from nonpros tatic malignancies . Tables 3, and 
5 show the results. A strong statistical corre- 
lation emerged between the assay positive outcome 
and diagnosis of prostatic cancer. In addition, 
the patients with poeitiva ^7gn were more like- 
ly to be in progression than those who were 
negative, similarly, a higher percentage or 
positive tests were among patients with videly 
disseminated disease vs. leas advanced clinical 
stages. Among 66 gera from individuals: trith 
tumors of nonprostatic oriftin, only 3 SX) 
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TABLE 4 



MQAb ?E1NC5 COMPETITIVE BlNDlwr, F , ^ , N Pft0STAT , c CAWCE H 
Clinical Evaluation Number Tested 



Positive 



No Apparent Disease 

Remlssion/StaDle 

Progression 

Total 

Cap Sta ge 
D I 
B n 

C I 
0 I 



Total 



7 
13 
23 

43 



7E11 



0 
6 
14 

20 



(461) 
(61%) 



2 
5 

29 
43 



(29Z) 
(55?) 



20 



Logistic repression relating the probability that the patient was 
1 C P progression to the S* 7fll indicates a significant (at P <o OS) 
relationship. Pat,w« with po.itive SR 7E11 are wore likely to be 
in progression, than those who are negative. The assays were blinded 



tested positive. (Table 5). T«o ' 0 f the positive 
8B " Vcre £roni females with disseminated uterine 
and renal carcinomas respectively. The third 
.positive seru* wag obtained from youne male with 
testicular embryonal carcinoma. 

DISCUSSION 

Monoclonal' ancibodiee CMoAb) obtained by the 
hybridoma technology are potentially powerful 
toolfl for cancer detection, diagnosis and therapy 
5o tar, the success in developing reageaes chat 
are exclusively cuTnor specific has been limited. 
Possibly, the low frequency, poor accessibility 
or, perhaps, even complete absence of tumor 
specific epitopes is responsible. The devalopmant 
Ot diagnostia and therapeutic reagents against 
neoplasms derived frotn cells expressing organ 
{or tissue) specific antigens- appears to offer 
an immediate and practical alternative. 

Prostatic epithelium has limited distribu- 
tion, may not carry out functions vital for chc 
survival of a cancer patient, but vas already 
shown to produce organ specific, albeit secretory 
aacromoleculaR. Prostatic organ specific nole- 
=ulas preserved on neoplastic cells* and bound to 
oembranea could be targeted by WoAb as a thera- 
leucic approach. Cancer of the prostace is the 
iecond mosc frequent tumor of males in the 
'nicea States (23), claiming annually over 25,000 
-ives. Unknown etiology, variably pathology, 
.ntricaca relationship to endocrine factors and 
maplascie progression contribute to the com- 
plexity of this disease and limiced effective- 
.ess of available tharapiftc. 



TABLE 5 

MoAb 7E11-CS COMPETITIVE BINDING EL1SA IN 
HUMAN SERA FROM NQN-PRQ5TATI C MALIGNANCIES 



Oiagnosi s 



Testicular Tumors 

Embryonal Ca 
Transitional Cell Ca (Bladder) 
Renal Cell Ca 
Breast Ca 

Ovarian Adeno Ca 
Uterine Adeno Ca 
Gastric Ca 
Hapatoma 

Pancreatic Adeno Ca 
Colon and Rectum Adeno Ca 
Lung ca 
Sarcoma 

Astrocytoma, Chordoma 
Squamous Cell Ca 
Basal Cell Ca 
Histiocytoma 
Masothel l'oma 
Lymphoma, Leukemia 



SR 7E11 Pos1t1ve 
/Total Tested 



Total 



1/16 

0/7 

l/d»- 

0/3 

0/3 

1/2* 

0/3 

0/2 

0/3 

0/3 

0/3 

0/4 

0/2 

0/3 

0/2 

0/1 

o/i 

0/4 

3/SS (4.6S) 



* SR 7E11 positive sera were from termi 
expired shortly after testing. 



nal patients who 
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' The progress coward as tablishing effective 
ijnmunologieal methods for detection and success- 
ful manag«?monc of CaP may depend on laboratory 
experimentation with most suitable models used 
as reagents for MoAb production ■ Prostate cancer 
specific antigen may not have been yet defined 
by monoclonal ancibodiae , although several CaP- 
associated epitopes were already described 

Several MoAb are available against two well 
char act arised, purified to homogeneity, *olubla 
glycoproteins produced and secreted by either 
normal or malignant human prostatic epithelium. 
PSA (24) ia present in human prostate epithelium, 
seminal plasma and CaP cells. Readily produced 
polyclonal and monoclonal antibodies to purified 
PSA (6,19) established this antigen as a sero- 
dlagnostic marker for CaP , marker for human 
prvstacie epithelial cells and imxnunchistolosie 
mark»r for prostate neoplasms- Another 
organ specific, well known .marker protein of 
normal and neoplastic human prostatic cell is 
human prostatic acid phosphatase . PAP (25) is a 
glycoprotein with m.vr,. 100,000 and established 
aminotarminal sequence and carbohydrate composi- 
tion (26). Kurine monoclonal antibodies (20^27) 
identify 3 distinct antigenic determinants and 
several sensitive immunoassays to measure PAP 
vera developed. Experiments by Lee et al. (28) 
wich LNCaP model aysteoi suggest that monoclonal 
ancl-PAP antibody has potential for antibody- 
direcCftd radio-imaging and MoAb tareeted chemo- 
therapy of prostate cancer. Both F5A and FAT 
are secretory products of diagnostic value and 
could be detected not only in cells but also in 
plasma of patients with advanced CaP . nude mice 
bearing LNCaP tumors ana in i-NCaP culture super- 
narancs. PSA and PAP solubility and secretion 
ceuld impair the intracellular retention of 
directed at them antibodies and diminish the rull 
pharmacologic effectiveness of cytotoxic con- 
jugates* 

Another straeagy of MoAb production against 
human prostatic cancer cells has been the utili- 
zation as immunogens of whole cells or fracrion- 
ated cell preparations from established in vitro 
cultures of human malignant prostatic cells PC-3 
and DUliS- .A variety of generated WoAD have 
shown reactivity not only with cell surface or 
cytoplasmic antigens of CeP cells, but also with 
cells from other mulisnanciefi and mos?t imporrant- 
ly, with several non-prostatic norrnal human 
tissues (21*22,29-33). 

In this report, we describe the isolation 
of two stable murine hybridomas s»c2rating MoAb 
directed against LNCaP cells which were used as an 
immunogen. The LNCaP -cells originated from a 
metastasis of prostatic cancer and maintain in 
vicro biologic proparti&fl aa well as several bio- 
chemical markers characteristic o£ human TB&lisnant 
prostatic epithelium (1.2). Studied by us, MoAb 
7E11-Cj and CloAb were of the IgGl ^ub- 



closo and as such) cither alone or vith comple- 
ment, lacked detectable biological activities 
against LNCaP cells in vitro or in nude mice. 
Both MoAbs reacted in ELISA and by immunoblotting 
with sedimentable, cytoplasmic membrane rich 
fractions of LNCaP cells, but not wich soluble 
cytosol or secretory glycoproteins such as PSA 
or PaP. . 

MoAb 9H10-A4 had specificity restricted to 
epitopes present on the surface of LUCa? cell 
plasma membrane as demonstrated by ELISA and 
iramuno specific staining of a variety of vlaole 
or fixed cells and frozen sections » No binding 
o£ MoAb 9H10-A& was detected to any other th*.n 
LNCaP human prostatic and non-prostatic normal 
or malignant calls in studies involving 32 cell 
lines, 27 prostates and 148 other f rcsh-f roccn 
specimens o£ human organs, normal eJ^s^es and 
tumors. This suggests that MoAb 9H10-A6 defined 
antigen could be unique for an individual pros- 
tatic tumor or perhaps evco a singl= metaatacia 
from which the LNCaP cells were isolated. 
At present, MoAb 9H1Q-A4 remains as a use- 
ful reagent to posicivoly identify LNCaP cello 
and distinguish them from other cultured cells. 
In addition, chic MoAb serves as a reliable 
control in competitive binding ELISA wirh MoAb 
7E11-C5 for detection of circulating antigens 
associated with CaP. 

MoAb 7E11-C5 reacted with *pieh*li<il cells 
m frozen sections from prostatic carcinoma* 
benign prostatic hypertrophy and to a lesser 
degree with normal prostatic glands. Among 33 
grown in vicro normal and n«joplfU3tic cell lines, 
only LNCaP cells bound MoAb 7E11-C5 in ELISA and 
in indirect immunospeclflc staining of dried and 
fisted smears* It is of interest that CaP de- 
rived DU-145 and PC-3 cells did noc exhibit any 
reactivity with MoAb 7E11-C5. This finding 
parallels the absence or diminution of pheno- 
typic expression in PC-3 and DU-145 of other 
marker wjlecule-s (PaP, PSA, smdrogeu r*c*ptors) 
which, are characc eristic of human epithelial pro- 
static cells and are abundantly preserved in 
LNCaP cultures (3 , 5, 6,7). Strong reactivity of 
MoAb 7E11-C5 with LNCaP mombrana pfcaparation* and 

fixed cells contrasted sharply with the laclc or 
staining by the indirect immunofluorescence 
method q£ viable, unfitted LNCaP cell suspensions 
This observation suggests thj?.t <?pitop«*> ^pacific 
for MoAb 7E11-C5 are either absent or not avail- 
able for binding on the outer surface of living 
LNCaP cells. It remains to be determined whether 
such restriction applies to normal and malignant 
viable cells from human prostates. The results 
of such experiments could help to project the 

practical potential of appropriate MoAb 7E11-C5 
conj 115a tea cither imaging or therapeutic 
. 'agents for CaP< 

The evidence for selective specificixy of 
MoAb 7E11-C5 for human prostatic epithelium was 
reinforced by consistently negative results of 
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immune- specific staining of numerous fresh frozen 
sections fron a wida range of human nonprostacic 
normal or iralignant tissues. Noted on a couple, 
of occasions, poorly defined staining of kidney 
cubulcc require additional observations co ascer- 
tain its reproducibility and specificity on a 

larger Size Sample of fresh biopsy cpttciroans. 

At prcsenc, ue have no inf ormacions on the 
™°ff C :^ ar nacura o£ e Pi^pco receive wlch HoAb 
7E11-.J. In cultured LNCaj? ccllr, these epitopes 
arc strictly associated with non-*olubl«, se di- 
mencssle material- In concrast. the aerurn of m*ny 
CaP pacients contains such epicooes in a soluble 
form. Perhaps pathways of processing aacro- 
molccule* m vicro vs. m viv 0 during synthetic 
or autolytxc Qv Cnc; arc responsible for this 
dichotomy. Tha results of a competitive binding 
£LI3A establishing * statistic^ link between CaJ> 
and positive c . es . cs rcr circulating epitopes are 
encouraging. The sensitivity and specificity of ch « 



Papsidero ID, Wojcieszyn Jtf. Jh 
Leong SS, Murphy CP, wd chu TM; Isolation 
or prostatic acid phosphatase-binding i™ c - 
glooulin from human ser, *nd i Ca poccn.ial 
for use aa a tumor-localizing reagent. 
Cancer Res 40;3Q32-3035 . 1980 

Inc., 1980, pp 85-109. * 

claoma cell l intt (UICa ,j . ^ G e£ ti " 
Q fl d Cytogenetics 11:399-40*. 1984 

defined specificity 
197S. 



decreeing antibody of pr= 
< ~'~ Nature 256:493-497, 



in.c.^ of a aried cell suspension a d e f ined an^nt s £\" ^.S.?""^ 8 Sc " ±sc *^ 
f^-"" standardized antigen la used. I n f".!5 rap * c . ietve Planing by the limieiL 



- w-* cu.Li_j. tt ^u JLS us »a. 

waition, uhen such antigen is available, the 
issue of precise quantitation of MoAb 7E11-C5 
reactive molecules la human sera could b« mean- 
ingfully addressed and correlations with C^P 
stages bacc&r delineated. We felt that reportins 
In this paper an early and developmental stage of 
a new test, attempts to quantitatively describe 
a*ch positively testing individual in terms of 
arbitrary units vera premature. 

Additional exp«rimencs should define the 
future of MoAb 7E11-C5 and 9H10-A4 in dingaosis 
and Banageacnt o£ human prostatic cancer* 
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